serum was raised against the purified M component and was rendered idiotype specific by extensive absorption with Cohn fraction II and with IgG derived from the patient's parents. Hemagglutination-inhibition studies demonstrated that <1 in 300,000 molecules of pooled human IgG carried M component-related idiotypic determinants. 12% of the patient's B cells, but none of her T cells, expressed idiotypic determinants on their surface. Spontaneous de novo synthesis of the M component by the patient's peripheral blood lymphocytes was demonstrated in vitro and was shown to proceed independently of the polyclonal activator pokeweed mitogen. Antiidiotypic rabbit IgG, but not its F(ab')2, fragments profoundly inhibited the synthesis of M component by the patient's peripheral blood lymphocytes. We concluded that antiidiotypic antibodies may play a role in the regulation of antibody synthesis in man.
INRODUCTION
It is now well established that antiidiotypic antibodies play a role in the regulation of the immune response of experimental animals (1) (2) (3) . Antiidiotypic heteroantisera have been raised against human myeloma proteins (4), M components (5) , and antitetanus toxoid antibodies (6) . The role of antiidiotypic antibodies in the regulation of the human antibody response remains unknown. It has been shown, how-ever, that human B cells (5, 7) , and in some cases human T cells (8, 9) derived from patients and from normal individuals, express idiotypic determinants and, therefore, can serve as targets for regulation by antiidiotypic antibodies.
In the present work, a rabbit antiidiotypic antiserum was raised against an M component present in the serum of a child with hypogammaglobulinemia. The antiidiotypic antiserum profoundly suppressed the synthesis of the M component by the patient's B cells in vitro. The suppressor activity of the antiserum was idiotypic specific and was dependent on the presence of an intact Fc fragment.
METHODS
Case report. A 5-yr-old Lebanese female with hypogammaglobulinemia, diagnosed at the American University Hospital in Beirut, Lebanon, in the 1st year of life, was admitted in May 1978 to the Children's Hospital Medical Center because ofrecurrent sinopulmonary infections despite gammaglobulin replacement therapy. Upon admission, serum immunoglobulin (Ig)G was 520 mg/100 ml, serum IgA was 10 mg/100 ml, and serum IgM was 22 mg/100 ml. Serum protein electrophoresis in agarose and isoelectric focusing on agarose plates (10) revealed the presence of a discrete M component which had not been identified in a serum specimen taken at 2 yr of age when the child was last seen. The patient had no bone pains and no bone lesions on radiographic examination. The M component was shown to persist when the child was seen a year later in May 1979. The studies reported herein, with the antiidiotypic antiserum to the M component, were performed during this second visit in May 1979. The child died in September 1979 from postoperative complications of a lobectomy performed at the American University Hospital in Lebanon.
In vitro studies of T-cell function revealed no abnormalities in T-cell number or T-cell function as assessed by proliferation in response to mitogens and antigens and by the capacity to produce the nonspecific T-cell helper factor that induces polyclonal activation of B cells (11) . Furthermore, no suppressor activity for Ig synthesis was detected in co-culture experiments of the patient's peripheral blood lymphocytes (PBL)l and PBL from normal donors (11 Jones proteins) were premixed in the microtiter wells with rabbit antiidiotypic IgG used at a dilution two tubes to the left of the end point of the hemagglutination assay described above. After a 1-h incubation at room temperature, sheep erythrocytes coated with the patient's M component were added. All reagents were preabsorbed with sheep erythrocytes.
Radioimmunoassay of antiidiotypic antisera. 10 i±g of F(ab')2 M component were radiolabeled with 1251 by the chloramine T method (14) to a specific activity of 1,000 cpm/ng. Each in a set of conical plastic Beckman microfuge tubes (Beckman Instruments, Inc., Fullerton, Calif.) received 40 ng of 125I-F(ab')2 M component followed by 100 ,lI of different dilutions of preimmune or immune rabbit IgG in phosphatebuffered saline. After an incubation period of 1 h at 37°C, normal rabbit serum and goat anti-rabbit IgG were added at equivalence (taking into consideration the contribution of preimmune or immune rabbit IgG). The tubes were incubated again at 37°C for 1 h, then at 4°C overnight. The precipitates that formed were washed in a Beckman microfuge for 5 min at 12,000 rpm with ice-cold PBS containing 0.5% human serum albumin and 0.5% Tween 20 (washing buffer). After three washes, the precipitates were counted for radioactivity in in Tri-Carb gamma scintillation counter (Packard Instrument Co., Inc., Downers Grove, Ill.).
Inhibition of binding of radiolabeled M component to antiidiotypic antiserum. The dilution of antiidiotypic antiserum necessary to precipitate 70% of the total amount of immunoprecipitable radiolabeled F(ab')2 M component was determined from the above experiment. Each in a set of Beckman microfuge tubes received, in succession, of 10 ng of radiolabeled F(ab')2 M component, different dilutions of patient's IgG or pooled normal human IgG, and 100 .ul of the appropriate dilution of rabbit antiidiotypic antiserum. After an incubation period of 1 h at 37°C, normal rabbit serum and goat anti-rabbit IgG were added at equivalence, and the precipitates were processed as described above.
Isolation and fractionation of PBL. PBL were isolated from heparinized blood on Ficoll-Hypaque. Cells were washed three times before use with Hanks' balanced salt solution. PBL were rosetted with sheep erythrocytes pretreated with neuraminidase (Behring Diagnostics, Woodbury, N. Y., 50 U/ml, 30 min, 37°C). The lymphocyte/erythrocyte mixture was then sedimented over a Ficoll-Hypaque gradient. The sheep erythrocyte nonrosetting cells were collected from the top of the gradient. The sheep erythrocyte rosette-forming cells were collected from the bottom, treated with 0.83% NH4C1 lysing buffer, washed, and used.
Immunofluorescence. Lymphocytes were cultured overnight in RPMI 1640 medium containing 5% fetal calf sertim. The next day the cells were washed and suspended at 40C at a concentration of 5 x 10 mM sodium azide. 0.1 ml of cell suspension was incubated with an equal volume of rabbit preimmune or postimmune F(ab')2 IgG for 30 min at 4°C. The cells were then washed three times at 40C, suspended in 0.1 ml of the same medium, and incubated with 0.1 ml of fluorescein-conjugated F(ab')2 goat anti-rabbit IgG (Cappel Laboratories, Inc., Downingtown, Pa.) for 30 min at 4°C. After three washes in the same medium and two washes through a cushion of fetal calf serum, the cells were suspended in 0.1 ml of medium and dropped on a clean glass slide precoated with poly-L-lysine (Sigma Chemical Co.). The drop was covered with a glass cover slip and the slide was read under the fluorescent light of a Zeiss Orthoplan fluorescent microscope (Carl Zeiss, Inc., New York) the number of fluorescent cells was recorded.
For the detection of the surface immunoglobulin isotype, polyvalent as well as heavy chain specific fluorescein-conjugated rabbit F(ab')2 IgG (Cappel Laboratories, Inc.) were used as described previously (11) .
Analysis of kappa and lambda chain distribution. Blood lymphocytes were labeled for kappa and lambda light chains using F(ab')2 fragments of rabbit antibodies to human light chains followed by fluoresceinated goat anti-rabbit IgG antibodies. The labeled samples were analyzed on a fluorescenceactivated cell sorter exactly as described (15) . The result of this analysis is two distribution curves (one for kappa and one for lambda chains) showing the number of cells labeling at increasing intensities of fluorescence. In normal persons these two cultures are nearly identical. The presence of a significant deviation of one of the curves with respect to the other indicates the presence of a population of monoclonal B lymphocytes. Previous work has shown that the test is sensitive to the presence of 10% or fewer monoclonal cells (15) . A statistical test for the deviation (D) value can be applied to the distribution curves to define the degree of discordance between the two curves. The D value for normal individuals (n = 10) ranges from 0.8 to 9.6 with a mean of 5.24±0.74.
In 10 ,uCi/ml of 3H-radiolabeled amino acids and with dialyzed fetal calf serum. 48 h later, the culture fluid supernates were harvested, spun at 5,000 rpm for 20 min, filtered through a 0.45-,um filter, and frozen at -20°C until tested. In another set ofexperiments, fresh PBL were cultured directly at 4 x 106 cells/ml in the medium containing the radiolabeled amino acids as described above. 19 h later, their supernates were collected and processed as just described.
De novo-made IgG and M component were assayed by a "sandwich" radioimmunoassay. 0.1-ml aliquots of supernates were incubated for 1 h at 37°C with 500 ,ug of normal rabbit IgG or of rabbit IgG directed, respectively, against human IgG and M component idiotypes for 1 h at 37°C. Goat anti-rabbit IgG (absorbed against human IgG crosslinked to Sepharose) was then added at equivalence; the tubes were incubated for 1 h at 37°C, then for 24 h at 4°C. The precipitates that formed were washed three times in ice-cold washing buffer, dissolved in 0.5 ml of 0.5% acetic acid, transferred to counting vials containing 10 ml of Instagel solution, and counted with a Tri-Carb liquid scintillation counter (Packard Instrument Co., Inc.). The radioactivity in precipitates containing normal rabbit IgG and goat antirabbit IgG was always <200 cpm and was subtracted from the value of counts per minute present in the precipitates containing rabbit anti-human IgG and rabbit antiidiotypic IgG.
It possessed no rheumatoid factor activity nor antibody activity to human Gm allotypic antigens or to sheep erythrocyte antigen.
Characteristics and specificity of antiidiotypic antisera. Sheep erythrocytes coated with M component were agglutinated by antiidiotypic rabbit IgG diluted 1:2,048, but not by preimmune rabbit IgG. Antiidiotypic serum did not agglutinate sheep erythrocytes coated with Cohn fraction II. Using radioimmunoassay, it was found that high concentrations of antiidiotypic antiserum bound >85% of 1251-radiolabeled F(ab')2 fragments of the M component (Fig. 1) . The binding capacity of the antiserum was estimated from the 50% binding point, defined by the radioimmunoassay titration curve to be at least 20 ng/100 ,ug of rabbit IgG, whereas 2 mg of rabbit antiidiotypic IgG bound <0.2% of 20 ng of radiolabeled pooled human IgG (data not shown).
The specificity of the antiidiotype antibodies was also studied by hemaglutination and radioimmuno- class with the M component and of kappa and lambda Bence Jones proteins failed to achieve hemagglutination (Table I) . By radioimmunoassay, the binding of 1251 F(ab')2 M component to antiidiotypic rabbit IgG was significantly inhibited by the patient's IgG but not by pooled human IgG (Cohn fraction II) (Fig. 2) . 4 ,ug of the patient's IgG almost completely inhibited the reaction, whereas 9 mg of pooled human IgG (Cohn fraction II) failed to affect the reaction significantly. Using hemagglutinationinhibition assay, it was determined that <1 in 300,000 molecules of pooled human IgG (Cohn fraction II) cross-reacted idiotypically with the M component under study (Table II (Table III) .
Kappa and lambda chain distribution of patient's PBL. Analysis ofthe kappa and lambda chain distributions on the surface of the patient's PBL failed to reveal the presence of a monoclonal B lymphocyte population. However, an abnormal degree of discordance between the two curves was reflected by an excessively high D value of 18.7 (normal range 0.8-9.6).
Effect of antiidiotypic antibody on the in vitro (Table IV) . Almost all ofthe IgG secreted in vitro by the patient's PBL carried M component-related idiotypic determinants (Table IV) . In contrast, idiotypic determinants were not detected on IgG secreted by normal PBL after PWM stimulation (data not shown). M component age (1 yr after diagnosis) in an amount equivalent to 1/32,000 of that present at 5 yr of age (Table II) (Table I) . Hemagglutination-inhibition studies (Table II) revealed <1:300,000 molecules of pooled human IgG-carried M component-related idiotypic determinants. Furthermore, only the patient's, but not pooled, IgG (even in large excess) inhibited the precipitation of the radiolabeled M component by the antiidiotypic antiserum (Fig. 2) .
Immunofluorescence analysis of the patient's PBL revealed a normal B-cell number and a normal isotype distribution. M component-related idiotypic determinants were expressed on 0.77% of the patient's PBL, but not on the PBL of three normal donors (Table III) . It is unlikely that the idiotype-positive cells were monocytes because cell suspensions were incubated overnight at 37°C in petri dishes, and the nonadherent cells were processed for fluorescence. Furthermore, only F(ab')2 IgG fragments were used in the fluorescence experiments. It is also unlikely that the idiotype-positive cells passively acquired the M component from the patient's serum because (a) the cells were incubated overnight at 37°C in fetal calf serum-conditions that decrease binding to Fc receptors (5) , (b) preincubation of PBL from the normal donors in the patient's serum for 1 h at 37°C followed by washing and overnight incubation in fetal calf serum did not result in the visualization of idiotype-positive cells by immunofluorescence, and (c) de novo synthesis of the M component was demonstrated (Table IV) (Table IV) . A similar requirement for the Fc portion of antiidiotypic antibody in the inhibition of the immune response has been described in the murine system (19) . The fact that only intact antiidiotypic IgG inhibited M component synthesis suggests that the inhibitory signal is mediated through the Fc portion of the antiidiotypic antibody. Such a signal could be directly delivered to the idiotype-positive B cell via its Fc receptor or, alternatively, could be delivered via an idiotype-positive suppressor T cell bearing an Fc receptor. Such idiotype-positive T cells may have been present in two low a number to be detected by our immunofluorescent technique. Finally, it is also possible that presentation of the antiidiotypic antibody by macrophages via binding to their Fc receptor may be necessary to deliver an inhibitory signal to the B cell. Because ofconstraints on the amount of blood available for study and on the time available to carry out the study, the present experiments that were carried on unfractionated PBL do not allow for differentiation between these possibilities.
The inhibitory effect of rabbit antiidiotypic IgG on M component secretion is not unexpected in view of the large body of evidence in experimental animals that indicates that antiidiotypic animals can regulate the immune response (21) (22) . Both B and T cells can serve as targets for the regulatory action ofantiidiotypic antibodies (22) (23) (24) . Indeed, idiotype suppression can result from direct interaction of antiidiotypic antibodies with the receptor of the antibody-forming B cell (22) as well as from the induction of idiotype-specific suppressor T cells by antiidiotypic antibody (23) . It is not possible to determine from our experiments whether the suppression of M component synthesis by antiidiotypic antibody resulted from direct interaction between the antiidiotypic antibody and the idiotypebearing B cells, or whether it occurred via interaction of antiidiotypic antibody with the T cells.
It has been clearly shown in experimental animals that plasmacytomas, like normal B cells, respond to regulatory signals delivered by antigen, antiidiotypic antibody, and idiotype-specific suppressor T cells (24, 25) . It has also been shown in inbred as well as outbred animals that autoantiidiotypic antibodies arise during the course ofthe normal immune response and regulate idiotype expression (26) (27) (28) . Thus, it is not unlikely that antiidiotypic antibody can inhibit antibody synthesis by normal B cells, and experiments in our laboratory indicate that antiidiotypic antisera to human antitetanus toxoid antibodies precisely do so (7) . One may speculate that severe hypogammaglobulinemia resulted in the inability of the patient to make antiidiotypic antibody, allowing the expansion of a B-cell clone that had been activated into immunoglobulin synthesis and secretion. The reason why the M component-producing B-cell clone became activated and why it escaped the defect that affected the majority of the patient's B cell is not known.
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